Abstract: Concern exists regarding the long-term durability and effectiveness of total knee arthroplasty in young patients.
had either osteoarthritis (64%) or posttraumatic arthritis (36%) and had undergone an average of 2.1 previous surgical procedures on the knee. This was a consecutive series with all patients fifty-five years of age and younger undergoing total knee arthroplasty with this diagnosis included.
A cemented posterior stabilized design was used for all but two replacements; of those two replacements, a total condylar prosthesis was used in one, which was included in the study, and one previously categorized as posterior stabilized was identified as a cruciate-retaining design on recent review and was thus excluded from the study. The cruciate-substituting designs included fifty-four Insall-Burstein I prostheses (47.8%), fifty Insall-Burstein II prostheses (44.2%), and eight constrained condylar prostheses (7.1%) (all Zimmer, Warsaw, Indiana). Of the fifty-four nonmodular Insall-Burstein I prostheses, fifteen had all-polyethylene tibial components and thirty-nine were monoblock metal backed. The patella was resurfaced routinely with a cemented all-polyethylene component in all but five Insall-Burstein I total knee prostheses in which a metal-backed patella was used.
We sought to obtain a long-term evaluation of this young cohort of patients. Hence, the purpose of this study was to determine the survivorship, modes of failure, and clinical function of young patients into the third and fourth decade following total knee arthroplasty.
Methods

F
rom May 2011 to May 2012, we reviewed all 114 total knee arthroplasties in the eighty-eight patients included in our original 1997 report. Institutional review board approval was obtained for this study. At the time of the initial review in 1997, six total knee arthroplasties in six patients had been revised and two patients with two total knee arthroplasties had died without revision. For the remaining eighty patients, we searched our electronic medical record system for the most recent follow-up documentation and any contact information. A broader, more comprehensive search utilizing multiple online sources and private investigator services was conducted for those patients whose contact information was not available or was outdated. Patients or their next of kin were contacted by phone. Patient status, knee scores, and radiographs were collected and were compared with corresponding preoperative and 1997 follow-up data.
Clinical evaluation was obtained for all patients with an unrevised total knee arthroplasty who were healthy and mobile enough to undergo follow-up in a physician's office. We encouraged all patients to come in for a clinic visit at our institute when possible. When not feasible, patients visited an orthopaedic surgeon near their place of residence for clinical examination. From this evaluation, a Hospital for Special Surgery (HSS) score 2 and a Knee Society score 3 (both the traditional and new scores) 4 were calculated. Patients were categorized on the basis of a modified Charnley classification 5 to A (a unilateral or successful bilateral total knee arthroplasty without symptoms in the contralateral knee), B (symptoms in the contralateral knee), or C (associated medical conditions that limited function). Level of activity was further assessed with the Tegner and Lysholm activity score 6 . For patients unable to visit a physician, telephone interviews were conducted, and the subjective portions of the assessment tools were obtained.
Merchant 7 views and weight-bearing anteroposterior and lateral views were made at the latest follow-up and were evaluated by two of the authors (W.J.L. and W.N.S.). Consistent with our previous report, they were reviewed with the Knee Society system 8 . Radiolucent lines were compared with previous radiographs to assess progression. Loosening and wear were also assessed by examining for osteolysis and radiographic change in the position of the component. Fluoroscopic positioning of the knee was not used. The tibiofemoral alignment on short radiographs (44 cm in length) was recorded.
Clinical data were not included in this study for patients who had undergone revision total knee arthroplasty or who were confirmed to be dead, although we did contact patients, revising surgeons, and/or next of kin to establish the indication for revision or the status of the knee at the time of death.
Statistical Analysis
For descriptive statistics, comparisons were made across knee scores using Student t tests. Time to failure up to thirty years following total knee arthroplasty was analyzed using the method of Kaplan and Meier 9 . Failure was defined in three ways: aseptic revision of the femoral or tibial component; aseptic revision of the femoral, tibial, or patellar component; and revision of the femoral, tibial, or patellar component or any subsequent operation about the knee. Significance was defined at p < 0.05.
Source of Funding
This study was funded by the Insall Scott Research Foundation. Funds were used to pay for the salaries for a research assistant and a biostatistician and for supplies and mailings. Also, one author (W.N.S.) received royalties from Zimmer, and another author (W.J.L.) was a consultant and speaker for Zimmer.
Results
T
he original cohort included 114 primary total knee replacements in eighty-eight patients. In the 1997 follow-up study, four patients (six total knee replacements) were lost to follow-up. We found these four patients; of these, one with bilateral total knee arthroplasties had died. However, four different patients (six total knee replacements) who were included in the 1997 study were lost to follow-up in the current study. During the review of radiographs, it was discovered that a single patient originally reported to have bilateral posterior stabilized total knee arthroplasties had undergone a cruciate-retaining total knee arthroplasty on one side. This knee was dropped from the study. Therefore, follow-up was obtained for 107 (95%) of the 113 total knee replacements in eighty-four (95%) of the eighty-eight patients in the current study. Combining data from our 1997 report and the current follow-up, survivorship data were available for 100% of the original cohort. The average time from the index total knee arthroplasty to the latest follow-up for all 113 total knee replacements was 25.1 years (range, twenty to thirty-five years).
At the time of the latest follow-up, twenty-five knees (twenty-four patients) had been revised. Three patients (two of whom had died) who had undergone bilateral total knee arthroplasties had had one knee revised and one knee unrevised. Twenty-four patients (thirty-three knees) died with unrevised knees. There were forty-nine unrevised knees in thirty-nine living patients available for clinical evaluation.
Clinical Results
Of the thirty-nine patients (forty-nine knees) who were living, preoperative and 1997 follow-up scores were not available for three patients (four knees), as they were lost to follow-up in the 1997 study and their original charts were not available. The preoperative data, 1997 follow-up data, and latest clinical follow-up data for the remaining thirty-six living patients (forty-five knees) were analyzed (Table I) . Knee Society objective and HSS scores were unavailable for six patients (seven knees) who did not visit a physician for physical examination. Therefore, HSS and Knee Society objective scores for thirty-eight knees were available. The e159 (2) average HSS knee scores (and standard deviation) for the thirtyeight knees with preoperative and 1997 and 2012 follow-up data were 57.9 ± 10.3 points at the preoperative examination, 92.0 ± 5.8 points in 1997, and 85.3 ± 13.2 points at the latest follow-up examination. The mean Knee Society scores (and standard deviation) for these thirty-eight knees were 94.9 ± 5.4 points in 1997 and 87.4 ± 17.6 points at the latest follow-up examination. The average Knee Society functional scores (and standard deviation) for the forty-five knees with available subjective data were 92.9 ± 13.4 points in 1997 and 62.1 ± 32.2 points at the latest follow-up. The average knee scores for Category C patients were significantly lower than those for Category A patients (p < 0.0001). There were significant improvements in HSS scores at the 1997 evaluation (p < 0.0001) and at the most recent follow-up (p < 0.0001) compared with preoperative scores. The new Knee Society scores and knee motion for the forty-nine knees in living patients at a mean follow-up of 25.1 years are included in Table II .
Activity Score
The average activity score of Tegner and Lysholm for the thirtysix living patients (forty-five knees) was 1.5 ± 0.9 points preoperatively, 3.5 ± 1.1 points in 1997, and 3.0 ± 1.6 points at the latest follow-up (Table I ). There were significant improvements in the average activity score in 1997 (p < 0.0001) and at most recent follow-up (p < 0.0001) compared with the preoperative score. As with the knee scores, the average activity score was significantly higher for Category A patients than for Category C patients (p < 0.0001). The frequency distribution of activity scores are shown in Table III . Preoperatively, twenty-two patients (61.1%) had a score of 0 or 1, indicating disability or sick leave status due to knee problems or level-ground walking only and sedentary work. Only one patient (2.8%) scored 4 or higher preoperatively, indicating participation in recreational sports. At the 1997 follow-up, there were no patients with an activity score of 0 or 1. At the most recent follow-up, there were no patients with a score of 0, but 
there were seven patients (19.4%) with a score of 1. In contrast, there were nine patients (25%) with a score of ‡4, indicating continued participation in recreational and competitive sports. At the most recent long-term follow-up, ten patients (27.8%) had the same activity level as they did preoperatively, and twenty-six patients (72.2%) had an improved activity level. No patients had a lower activity score than they did preoperatively.
Radiographic Analysis
Radiographic examination was possible in forty-two knees that had undergone total knee arthroplasty at the most recent follow-up. In our 1997 report, nine (8.7%) of 103 knees had radiolucencies of <2 mm on immediate postoperative radiographs. None of these lines had progressed from 1997 to the most recent follow-up, and none of those cases underwent revision. On the most recent radiographs, the mean alignment was 3.2°of valgus (range, 8°of varus to 10°of valgus). Three radiolucencies (7.1%) were observed: two were present in the previous study in the anterior tibia and have not progressed; the other was <2 mm in the medial tibia. Two cases (5%) of osteolysis were found, one in the medial tibial plateau, and the other at the tip of a femoral stem. None of these cases was associated with radiographic loosening or impending prosthesis failure.
Revisions
Twenty-five knees (twenty-four patients) underwent a revision (see Appendix). The average time to revision from the index procedure was 12.5 years (range, two to twenty-six years). The most common reason for revision was related to polyethylene wear, osteolysis, and loosening. This occurred in thirteen total knee replacements at an average time of 13.5 years (range, six to twentytwo years) from surgery. Late infection was the reason for revision in five total knee replacements at an average time of 9.8 years.
Isolated patellar revision occurred in four total knee replacements, including two metal-backed patellar failures at six and eight years and two central-peg, all-polyethylene patellar failures at nine and twenty-four years. Other reasons for revision included one case of early instability at two years, polyethylene post failure at fourteen years, and periprosthetic distal femoral fracture at twenty-six years.
Survivorship
Six knees (four patients) had no further follow-up after 1997. The remaining 108 knees (eighty-four patients) had follow-up from May 2011 to May 2012. All 113 knees were used in the survival analyses. At thirty years, the overall patient survival rate was 55.0% (95% confidence interval [95% CI], 34.9% to 71.2%). The thirty-year survival rate for total knee replacements surviving without revision for any cause was 70.1% (95% CI, 57.1% to 79.9%). Survivorship with failure defined as aseptic revision of the tibial or femoral components was 82.5% (95% CI, 72.2% to 89.4%) at thirty years, which decreased to 77.7% (95% CI, 66.4% to 85.6%) at thirty years when isolated aseptic patellar revisions were included (Fig. 1 ).
Subgroup Analysis
There was no significant difference in survivorship on the basis of the component used at the 1997 follow-up. At the time of our Survivorship curves demonstrating the percentage of total knee arthroplasties (TKA) free from revision to thirty years. 17, 2014 current evaluation, the average follow-up was 28.6 years for the Insall-Burstein I design and 21.8 years for the Insall-Burstein II design. The metal-backed patellar revisions all occurred in association with the Insall-Burstein I prosthesis. The cases of polyethylene wear and osteolysis occurred in three Insall-Burstein I prostheses and ten Insall-Burstein II prostheses. Although overall survivorship was similar (p = 0.23) at thirty years, there was a significant difference between survivorship for tibial and femoral aseptic revisions (p = 0.003) for the Insall-Burstein I component (92.3%) and the Insall-Burstein II component (68.3%) and survivorship for tibial, femoral, and patellar aseptic revisions (p = 0.04) for the Insall-Burstein I component (83.5%) and the InsallBurstein II component (68.3%) (Figs. 2 through 4 ).
Conclusions
T his study reviews the results of total knee arthroplasties in young patients at a minimum twenty-year follow-up and at a fifteen-year interval since the publication of Diduch et al. in 1997 . At that point, survivorship at eighteen years was 94% for femoral or tibial aseptic failure and 87% for all causes. In the current study, at thirty years, survivorship dropped to 82.5% for tibial or femoral revision and 70.1% for revision for all causes.
Although there was no difference between prostheses at the time of our report in 1997, at this longer follow-up time period, a significantly increased survivorship was noted in the monoblock Insall-Burstein I prosthesis compared with the modular Insall-Burstein II prosthesis. The fifty-four Insall-Burstein I prostheses featured a net-shaped, molded polyethylene in both the all-polyethylene design (fifteen prostheses) and the metalbacked design (thirty-nine prostheses). The Insall-Burstein II prosthesis had a machined, modular, medial-loading polyethylene that was gamma-irradiated in air. Although we cannot discern which of these changes was most responsible for the reduced longevity, we can conclude that the net-shaped, molded monoblock design, whether metal-backed or all-polyethylene, has increased longevity and an excellent survivorship of >90% at thirty years, which far exceeds that of this machined, modular design. Numerous authors have demonstrated excellent clinical results with this 10 and other monoblock tibial designs 11 with substantial associated cost savings over modular tibial implants 12, 13 . It must be noted that, distinct from modern reconstructions, which feature a multitude of sizes and advanced alignment and cutting tools, the Insall-Burstein I prosthesis was a very primitive design. Vertical bars were used for alignment, implants were not side-specific, and there were only two size options for the femur (58 and 65 mm), both of which had the same 42-mm anteroposterior dimension. Although the mean tibiofemoral e159 (5) T 17, 2014 alignment was 3.2°of valgus, the range was relatively wide, spanning from 8°of varus to 10°of valgus. In this setting, these outcome results are even more impressive. The Tegner and Lysholm activity scores improved from a preoperative score of 1.3 to 3.5 at eight years and remained at 2.9 at a mean time of 25.1 years after total knee arthroplasty. What is more interesting is that for Category A patients, who did not have an external orthopaedic or medical limitation, the activity score remained identical at 3.9 at both the 1997 and the current follow-up. Thus, the improvements in function following total knee arthroplasty did not fall off at the long-term follow-up. When considering all patients, 25% had a Tegner score of ‡4 points at the twenty-five-year follow-up, indicating a minimum functional level of moderately heavy labor and recreational sports such as cycling, cross-country skiing, and/or jogging on even ground at least twice weekly.
There have been six other studies on young patients with osteoarthritis and posttraumatic arthritis at the intermediate to long-term follow-up with cruciate-retaining and posterior stabilized total knee arthroplasties [14] [15] [16] [17] [18] [19] . Stern et al.
14 incorporated a smaller subset of our current cohort. Most recently, in a randomized controlled trial of two designs, Kim et al. 19 reported a 95% survivorship with a cruciate-retaining fixedbearing design and a 97% survivorship of a posterior stabilized rotating platform design at a mean time of 16.8 years.
We believe that the impact of our study will continue to grow, as this younger cohort comprises a larger portion of patients undergoing total knee arthroplasty. It is also a cost-effective procedure 20 , and a number of authors have noted dramatic increases in total knee arthroplasties using National Hospital Discharge Survey 21 and Medicare data 22 . Rates increased 161.5% from 1991 to 2010 in the Medicare population 22 , but in the broader survey using the National Hospital Discharge Survey, rates tripled from 1990 to 2002, with the highest rates of increase in those less than sixty-five years of age 21 . What is most daunting is the projection for growth of 673% in total knee arthroplasty rates by 2030 23 , and the proportion of those cases that will be in patients under sixty-five years of age, which is currently 41% but is projected to reach 55% by 2030 24 . There were a number of strengths to our study. The first was the long-term follow-up in a very high percentage of patients. The inclusion of only young patients with osteoarthritis and posttraumatic arthritis, and the fact that all cases were performed by one of two surgeons (one of whom [W.N.S.] is an author in this study), using one of two prostheses, simplifies the interpretation of the results. The limitations of the study included the fact that neither of these prostheses are in current use and that the comparative data lack patient-derived outcome assessments that are now commonly reported, although we did include the new Knee Society score, as this can be used as a comparator for other studies going forward.
In conclusion, total knee arthroplasty, particularly with a cemented posterior stabilized non-modular Insall-Burstein I design, was an effective treatment option with durable results for symptomatic osteoarthritis in younger patients. These data should provide comparison for modern total knee arthroplasties and other types of operative procedures in younger patients. They also highlight the exceptional performance of an early design and the concerns that exist with modern modular systems. The major factor limiting the longevity of these designs appears to be the polyethylene wear with the modular Insall-Burstein II prosthesis and early metal backing of the patella. The non-modular Insall-Burstein I design appears to have few limitations at this long-term follow-up.
